We present a class of two-charged intersecting brane solutions of the D = 11 supergravity, which contain the M 2-brane, M 5-brane, Kaluza-Klein monopole or Brinkmann wave as their building blocks. These solutions share the common feature that one charge is smeared out or uniform over all spatial directions occupied by the branes or waves, while the other charge is localized in them.
Introduction
The bosonic part of 11 dimensional supergravity [1] contains the metric tensor and a 3-form gauge potential whose field strength is a 4-form. It is known that there are four basic classical solutions in this theory: the M 2-brane [2] , M 5-brane [3] , Brinkmann wave [4] and Kaluza-Klein monopole [5] . The M 2-brane has a natural coupling to the 3-form gauge potential and carries electric 4-form charge. The M 5-brane is the magnetic dual of the M 2-brane and carries magnetic 4-form charge. The Brinkmann wave and Kaluza-Klein monopole, on the other hand, are purely gravitational, i.e., the 3-form gauge potential is identically zero for them. The four solutions share some common features: they are BPS states and preserve 1/2 of the supersymmetries, the solutions are described by a harmonic function in the transverse space and parallel branes/waves can be superposed. For a review of these BPS branes, see [6] .
One can further superpose the four basic objects to obtain various composite BPS solutions [7, 8, 9, 10, 11, 12, 13, 14, 15] . Different components in the solution can be of the same type of objects or different types. We will refer to the relative transverse directions of a brane as those orthogonal to the brane but tangent to some other brane, and the common transverse directions as those orthogonal to all branes. Most of the solutions that have been discussed are the all smeared out solutions where different components of the composite are smeared out in their relative transverse directions. Such solutions are described by several independent harmonic functions, each one is associated with a different component, which means one can superpose different components in arbitrary way.
There has also been some discussions that generalize the all smeared out solutions to localized or partially localized ones [16, 17, 13, 18] . One such solution [13] describes the superposition of N S5-brane and fundamental string in type II supergravity, with the fundamental string parallel to the N S5-brane and localized in the four relative transverse directions. The N S5-brane is described by the usual harmonic function and the equation describing the fundamental string is modified compared with the smeared out case. If we lift this solution (more precisely the type IIA one) up to 11 dimensions, it becomes the superposition of M 2-brane and M 5-brane. The M 2-brane and M 5-brane intersect at a line, the M 5-brane is smeared out in its relative transverse direction (which is the direction of the dimensional reduction), while the M 2-brane is localized in its relative transverse directions. This solution is in fact a special case of a more general solution [13] which describes two N S5-branes intersecting at a line with fundamental strings superposed parallel to the intersecting line, the two N S5-branes are each localized in their relative transverse space.
Another solution that has been discussed is the superposition of D5-brane, D1-brane and gravitational waves traveling parallel to the D1-brane [17] .
In this paper, we study further such localized solutions in 11 dimensional supergravity.
For simplicity, we will just consider solutions with two charges (i.e., with two components).
The common feature of these solutions is that one charge is uniform or smeared out and the other charge is localized in its relative transverse directions. We will obtain the following four solutions: These four solutions plus the M 2 ⊥ M 5(1) solution mentioned previously are basic, in that they are independent and can not be deduced from each other by dualities. From these basic solutions, we can derive other two-charged configurations by U-duality [19] ,
More specifically, we can start from the basic solutions, smear them out in extra dimensions if necessary, go down to 10 dimensions, perform the U-duality transformations in type II supergravity and lift them up back to 11 dimensions.
We should point out that although we are using the word "localized solution", what we have obtained (and what has often been discussed before) is the form of the localized solution in terms of two functions which satisfy simple equations. We have not tried to find explicit analytical solutions to these equations in this paper. For all the solutions, the two equations associated with the two charges are similar to those of the N S5-brane and fundamental string.
We present the four basic solutions in the Section II and discuss some relevant issues in Section III.
The Four Localized Two-Charged Solutions
In this section, we discuss in turn the supergravity solutions of M2-brane with nonuniform wave, M2-brane intersecting M2-brane, M5-brane with nonuniform wave and KaluzaKlein monopole with nonuniform wave. We will consider the first two cases in detail and be brief about the latter two cases.
M 2-brane with Nonuniform Wave
We start with the bosonic part of D = 11 supergravity
A is a 3-form gauge potential with a gauge transformation δA = dΛ, Λ is a 2-form. F = dA is the corresponding 4-form field strength, in components
. The third term in the Lagrangian is invariant under the gauge transformation of the 3-form up to a total derivative. The equations of motion are
The second term in the last equation vanishes for the solutions considered in this section.
The last equation is therefore simplified to be
The M 2-brane solution takes the form
The rest of the components of the 3-form potential are zero except the ones related to A tzy by symmetry. We can obtain solutions describing n parallel M 2-branes located at different points in the transverse space by choosing H M to be
where x k , k = 1, 2, ..., n are locations of the branes.
The Brinkmann wave solution is purely gravitational. It exists in gravitational theory in any dimensions and in 11 dimensions the solution is given by 6) which describes the wave traveling in the z direction.
The M 2-brane can be superposed with a gravitational wave smeared along the brane, the metric of which takes the form
The 3-form potential and H M are still given by (2.4). H W , however, is only a harmonic function of the eight common transverse directions,
x H W = 0, which means the wave is uniform in the y direction. Note we can superpose the M 2-brane and the wave in an arbitrary way, in particular the wave does not have to live in the brane. This is associated with the fact that the solution preserves 1/4 of the supersymmetries.
We now show that this solution can be generalized to the case where the wave does depend on the y coordinate. We make the ansatz that the metric and the 3-form potential are still given by (2.4) and H M = H M (x i ), but with the modification that H W = H W (x i , y). 
The rest of the components of the 3-form potential are zero except the ones related to A tz 1 z 2 and A ty 1 y 2 by symmetries. The M 2-brane associated with H 1 extends in the y 1 , y 2 direction and is smeared out in the z 1 , z 2 direction and the M 2-brane associated with H 2 extends in the z 1 , z 2 direction and is smeared out in the y 1 , y 2 direction. The two kinds of M 2-brane can be superposed in an arbitrary way, in particular they do not have to intersect. Now we generalize this solution to the case where one M 2-brane is smeared out in its relative transverse directions while the other M 2-brane is fully localized in its relative transverse directions. We make the ansatz that the metric and the 3-form potential are still given by (2.10) and H 1 = H 1 (x i ), but with the modification that H 2 = H 2 (x i , y 1 , y 2 ).
So the solution describes the M 2-brane associated with H 1 being smeared out in the z 1 , z 2 directions while the one associated with H 2 being localized in the y 1 , y 2 directions.
Let us consider the equation of motion of the 3-form potential first. By the ansatz the 4-form field strength is given by 11) or in upper index form 12) and also
The equation of motion of the 3-form potential is readily seen to be reduced to
Next we consider the equation of motion for the metric tensor. Straightforward calculation gives
M 5-brane with Nonuniform Wave
The magnetic dual of the M 2-brane is the M 5-brane, which carries magnetic 4-form charge. The solution describing the M 5-brane superposed with the Brinkmann wave smeared out along the brane takes the form 2, 3, 4, i = 1, 2, 3, 4 , 5 
(2.18)
Kaluza-Klein Monopole with Nonuniform Wave
The Kaluza-Klein monopole solution in 11 dimensions takes the form
where x 5 is periodically identified. If we suppress the y α , α = 1, 2, ..., 6, the solution describes magnetic monopoles in the 4 + 1 dimensional Kaluza-Klein theory, where the A i is the gauge field of the monopoles. Adding back the y α 's, the monopoles become 6-branes in 11 dimensions.
Gravitational wave can be added to the Kaluza-Klein monopole along one of the spatial directions of the brane. The metric takes the form 
plus the equations in (2.19).
Discussions
We have obtained a class of classical solutions to the 11 dimensional supergravity.
These solution carry two charges and can be viewed as superposition of the basic com- One can certainly try to generalize these localized solutions to more than two charges.
In fact, certain multiply charged solutions have already been considered in the context of type II supergravity [17] . We expect that more of such solutions exist in 11 dimensional supergravity. A more important question is to find the fully localized solutions of brane intersection. It seems that to find them we need to go beyond the ansatz made in this paper.
